Leptin is an adipose tissue-secreted hormone that acts via specific receptors (Ob-R), of which six isoforms are at present recognized (from Ob-Ra to Ob-Rf). Ob-Rb is the only isoform able to activate JAK-STAT and MAPK signaling cascades. A large body of evidence suggests that leptin and its receptors are involved in prostate physiology and pathophysiology in humans, but studies on the leptin system in the rat prostate are lacking. Reverse transcription-polymerase chain reaction showed the expression of mRNAs of leptin, Ob-Ra, Ob-Rb, Ob-Rc, Ob-Re and Ob-Rf in adult rat seminal vesicles and prostate (coagulating, dorsal, ventral and lateral lobes). Western blotting demonstrated the presence in these specimens of the Ob-Rb protein, and immunocytochemistry revealed that Ob-Rb was mainly located in their epithelial-cell component. Collectively, these findings strongly suggest that leptin and Ob-R may be involved in the autocrine-paracrine functional regulation of the epithelial cells of adult rat seminal vesicles and prostate.
Introduction
Leptin is an adipose tissue-secreted hormone, which decreases caloric intake and increases energy expenditure (reviewed in ref. 1) . Subsequent studies showed that leptin is also involved in the regulation of angiogenesis, hematopoiesis and neuroendocrine functions (2) (3) (4) (5) (6) , as well as in the stimulation of the proliferative activity of various cell types both in vivo and in vitro (7) (8) (9) .
Leptin exerts its biological effects through the activation of specific receptors (Ob-R), of which six isoforms are at present recognized (from Ob-Ra to Ob-Rf). All Ob-R isoforms share a common extracellular ligand-binding domain, but only five of them (Ob-Ra, Ob-Rb, Ob-Rc, Ob-Rd and Ob-Rf) contain an intracellular domain. Of these isoforms only Ob-Rb contains all intracellular parts able to activate either JAK-STAT (Janus kinase-signal transducer and activator of transcription) or MAPK (mitogen-activated protein kinase) signaling pathways. Ob-Re does not contain transmembrane and intracellular domains, and circulates as a soluble receptor (2, 5, (10) (11) (12) (13) (14) (15) .
Data are available showing that leptin and Ob-R are expressed in the human prostate (16) , but similar studies have not been performed in the rat. Hence, we examined the expression of leptin and its receptor isoforms in rat prostate and seminal vesicles by reverse transcription (RT)-polymerase chain reaction (PCR), Western blotting and immunocytochemistry (ICC).
Materials and methods

Animals and reagents.
Male adult Wistar rats, bred in our laboratory facilities, were kept on a 14:10-h light:dark cycle (illumination onset at 8:00 am) at 23˚C, with free access to laboratory pellets and tap water. Animals were decapitated, and their prostates with seminal vesicles were promptly removed. The study protocol was approved by the local Ethics Committee for Animal Studies. Rabbit polyclonal anti-mouse Ob-Rb primary antibody was purchased from Alpha Diagnostic International (San Antonio, TX), and peroxidase-conjugated anti-rabbit IgG secondary antibody was from Dako (Glostrup, Denmark). Bovine serum albumin (BSA), phosphate buffered saline (BSA) and all other chemicals and laboratory reagents were provided by Sigma-Aldrich Corp. (St. Louis, MO).
RT-PCR.
Total RNA was extracted from frozen prostate and seminal vesicle specimens, as previously detailed (17, 18) , and contaminating DNA was eliminated by DNase I treatment (RNase-Free DNase set; Promega, Madison, WI). The amount of total RNA was determined (19) , and RT was performed using AMV reverse transcriptase (Promega) with Oligo dT (PE Biosystems, Warrington, UK) as primers. PCR was carried out as described previously (20, 21) , using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a housekeeping reference gene, and the following amplification program: denaturation step (95˚C for 10 min), and 35 cycles of threestep amplification (denaturation, 95˚C for 10 sec; annealing, 58˚C for 5 sec; and extension, 72˚C for 10 sec). The primer sequence and the predicted size of the PCR products are shown Table I . Detection of the PCR amplicons was performed by size fractionation on 2% agarose gel electrophoresis. To rule out the possibility of amplifying genomic DNA, in some experiments PCR was carried out without prior RT of the RNA.
Western blotting. Prostate and seminal vesicle samples were homogeneized in Tris-sucrose-EDTA buffer (10 mM Tris, 250 mM sucrose, and 0.1 mM EDTA; pH 7.4) and centrifuged at 600 x g for 30 min at 4˚C. Protein concentration was determined by the Bradford method, and Western blotting was carried out as previously detailed (8, 22) . Briefly, 25 μg of proteins for each sample were loaded into each lane, separated on an SDS (16% sodium dodecyl sulphate)-polyacrylamide electrophoretic gel, and then transferred onto a PVDF membrane (Millipore, Bedford, MA). Non-specific binding was blocked by immersing the membrane in 5% BSA at 4˚C overnight. The membrane was then incubated for 120 min with the primary rabbit polyclonal anti Ob-Rb antibody (1:1000 dilution). After washing in TBST (10 mM Tris, 150 mM NaCl and 0.05% Tween-20; pH 8.0), membranes were incubated for 60 min at room temperature with peroxidase-conjugated anti-rabbit secondary antibodies (1:2500 dilution). The membranes were washed for 60 min in TBST, and immunoreactive bands were detected using the chemiluminescent luminol reagent (Amersham Life Science, Little Chalfont, UK). Table I . PCR primers and PCR products.
- Figure 1 . Ethidium bromide-stained 2% agarose gel showing cDNA amplified with rat leptin (Ob) and Ob-R specific primers from seminal vesicles (2) , and coagulating (3), dorsal (4), ventral (5) and lateral (6) prostate lobes of an exemplary adult rat. Lane 1 was loaded with Roche Marker VIII (Roche, Mannheim, Germany).
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----------------------------------------------------------------------------------------------------
ICC. Prostate and seminal vesicle samples were fixed in Bouin's solution for 24 h, embedded in paraffin and sectioned at 6 μm of thickness. Sections were then deparaffinized, rehydrated and incubated in 1% H 2 O 2 for 30 min at room temperature to block endogenous peroxidase activity. After washing in PBS, sections were preincubated with normal goat serum for 30 min, and then incubated with the primary rabbit polyclonal anti-Ob-Rb antibody (1:1000 dilution) for 120 min. After washing in PBS, sections were incubated for 60 min with peroxidase-conjugated anti-rabbit secondary antibodies (1:500 dilution), and peroxidase activity was detected using the Dako liquid DAB-substrate-chromogen system. Negative controls were carried out by similarly treating adjacent sections and omitting the primary antibody (23, 24) .
Results
RT-PCR showed the expression of leptin and Ob-R isoforms (a,b,c,e and f) mRNAs in the seminal vesicles, and coagulating, dorsal, ventral and lateral lobes of the prostate of all rats studied (Fig. 1) . Western blotting revealed the presence of Ob-Rb protein in all specimens (Fig. 2) , and ICC demonstrated that Ob-Rb is mainly located on the epithelial cells (Fig. 3) .
Discussion
The present PCR study demonstrated that leptin and its receptor mRNA are expressed in the rat seminal vesicles and prostate. Moreover, the presence of the fully active and JAK-STAT/MAPK-activating Ob-Rb isoform (5) protein has been documented by Western blotting, and ICC revealed its primary localization on the epithelial cells. Collectively, these findings strongly suggest that the leptin system may be involved in the autocrine-paracrine functional regulation of the epithelial cells of the adult rat prostate and seminal vesicles. The identification of free leptin in the human seminal plasma appears to be in keeping with this contention (25) .
An increasing body of evidence suggests the involvement of leptin in human prostate growth and the development of prostate cancer, a strong correlation existing between the volume of body fat (i.e. obesity) and prostate cancer progression and mortality (26) (27) (28) (29) . Although obesity and leptin may not necessarily increase the risk of prostate cancer, they seem to promote it once established (30) and to favor the development of its more aggressive forms (31) . The presence of Ob-Rs has been demonstrated not only in the normal human prostate (16) , but also in prostate cancer (32) and prostate cancer-derived cell lines (PC-3 and DU-154) (33) . Moreover, leptin has been found to stimulate the proliferation (26, 29, 33, 34) , migration and growth-factor secretion of these cell lines (26) , leading to the suggestion that the local intraprostatic leptin system may be involved in the development of prostate cancer in humans. Our present results may add support to this appealing hypothesis. 
